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AREA OF APPLICABILITY OF APPROXIMATE EQUATIONS
OF VIBRATIONS OF ROD SYSTEMS OF VARIABLE THICKNESS

Abstract: The approximate equations of torsional vibrations of rod systems of variable thickness given in this
work allow us to build approximate theories of oscillations depending on the conditions at the ends of the rod, the
order of derivatives of the desired in the approximate equations and initial conditions. Approximate equations of
oscillations of rod systems above the second order in derivatives of the desired function in the scientific literature are
practically not found. On the other hand, approximate equations containing derivatives above the second order need
to study the applicability of a theory based on various approximate equations. For simplicity, we consider the area of

applicability for a constant radius rod, when the desired function UQ or rotational displacement depends on the

angular coordinate &, i.e., we investigate the area of applicability of the approximate equations of oscillation based
on the general equation of oscillation
Key words: torsional oscillations, rod, system, variable thickness, cylinder, shell, radius, Bessel function.

In the cylindrical coordinate system (r,@,z) the spatial problem of torsional vibrations of the
cylindrical shell is reduced to the solution of the equation
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under boundary conditions on the inner and outer surface of the cylindrical shell
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when r=1(z), where r=F/(z) and r=F,(z) inner and outer shell radii, respectively,
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Presenting y/, in the form of potentials
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and substituting it into equations (15), we again obtain for i/,, expression

d’y, | 1dy, 2
dr’ r dr L (1)
the general solution of which is
1o :Alo( r)"'BKo(IB”) (19)

In this case, the integration constant of B as opposed to the task for the rod is different from zero.

If the shift displacement #, search in the offset U,

", = I?:éfg,?z) }dkjue)o exp(pt)dp (20)
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then, the decomposing of Bessel's function /, and K, in a row, for u( ) we obtain expression
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where yw(n) - psy-function.
Introducing new values
1 1
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4
and substituting their expression (21) instead of constants 4, B we obtain expression
2n+l 2n+l
) )
Ué?é 222— U o+& —+Z771n( r)———— A(n+1)] OZ(M) Usi (23)
J’_

=1 [CER VM

in reference to & and p , for shear displacement, we obtain the final representation
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where U, ,; U, have a obvious mechanical meaning, functions 77, , are equal
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Similarly, for tension 0, ,,0, , we obtain expression
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where ¢ intermediate surface, determined by the formula

- max[A(2)] { o max{, (z)]} o)

2 min[F, ()]
herewith
max[F (2)] < min[£; (2)]
coefficient y satisfies the inequality

o maA @) min[F2)] | max[F(2)]
mln[F (Z)] maX[E(z)] min[Fz(z)]

Substituting (25) into boundary conditions (16) to determine U/ g0 U U g1 We obtain a system of

integro-differential equations, which is also the general equations of torsional vibrations of a circular
cylindrical shell.

We present only a system of approximate equations of torsional vibration
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For a shell of constant thickness with radii # and r, accordingly, from (28) we obtain the system
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The boundary conditions for the end of the shell under torsional vibration are derived as for the rod.
We present only the boundary conditions at the end of the shell when z =const there is a normal

intensity beat 0, = F'(#,1). The boundary condition will have the form

=M [FO.1)}

(30)
Oy,

0z
General equations of longitudinal-radial oscillations of the cylindrical shell are derived as for the rod

of variable radius.

For the formulation of various boundary value problems, we first give approximate equations of
longitudinal-radial oscillations
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where f,(i), f,(zi) the loads on the outer and inner surfaces of the shells u,,u_ are approximately equal
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Here U_, and U, moving intermediate surface points, U/, and U, , deformations of these points

along the radial coordinate.
At the beginning we formulate three-dimensional boundary conditions for the shell end z = const .

Free or loaded by normal tension of the end

T,==FEf @,=0 (34)
Rigidly fixed end
u,=u, =0 (35)
Perfectly fixed end
u, =0, c_=0 (36)

On the basis of the approximate expression (33) for tension conditions (34) for unknown U, U,

lead to boundary conditions
(l+C) -1-C)U, , - gg(l+2C) gg(l 2C)
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oU,
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Similarly, conditions (35) and (36) lead to boundary conditions
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Boundary conditions (37) - (39) differ from those available in the scientific literature, obtained on the
basis of certain hypotheses and suggestions of mechanical and geometric nature, the presence of operators

/1(].1) , reflecting the principle of D'alembert's mechanics.

Consider a more complex sealing of the end of the cylindrical shell.

Let the end of the cylindrical shell is in interaction with another deformable body. In particular, such
a deformable body should be a plate-plate perpendicular to the axis of the shell.

We also consider two types of contact in a three-dimensional setting.

Rigid contact.
1%
n_ 2). =0 _ 2. —(1) _ O
VVZ( _VVZ( L] ur _ur ] ur __J‘ur d}";
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Perfect contact
WO _p®. O _ 0. FO _q c? =0 (41)

Having approximate expressions for displacements and stresses at the end points of the cylindrical
shell (32) and (33), the material parameters will be denoted by the index "1", and the plates-by the index

"2", while the approximate expressions for the necessary displacements and stresses at the points of the
plate have the form

2
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Using the approximate expressions (32), (33) and (42), from the condltlons (40) we obtain the system
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or, after elimination, we obtain the boundary conditions of the elastic end fitting

shells taking into account the influence of plate-plate deformability
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Similarly, for an ideal contact (41) we obtain a system
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and for the end of the shell
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The initial conditions for the variables U U () it is easy to obtain three-dimensional initial
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conditions for the displacements
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u, = f,(,z); u, = f,(r,z)

(46)

ou, Lo o
= 2 Lo finD) (=0)

The results obtained allow us to formulate boundary value problems in solving specific problems of
the cylindrical shell oscillation under different conditions at the end of the shell.
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H.K.Meney6aes’', C.Mentixo:xaena’, A.JK.Ceiirvypaton?,
M.H.Pamaszanos’, B.K.JKapmenora®, T.Illavm.08’

'E. BokeToB aThIHAAFEl KAparaHIsI MEMICKETTIK YHHBEPCHTETI,
Kazakcran PecmyOmixacer. Kaparanmasi K.;
*KopkbIT ATa aThigarsl Kp3suiopaa MeMekeTTik yauBepeuteTi, Kasakcran PecryGmukacsr. Kb3bimopaa K.
> AsepbGaiimkan ApxuTexTypa skone Kypsuisic yauBepcnteTi , AsepGaiimkan Pecry6mukacsr. Baky k.

KAJIBIH/IBIF bl ATHBIMAJIBI BOJTATBIH CHIPBIKTBIK K YAEHIH
AMHAJIMA TEPBEJICTHIH JKYBIK TEHIEYTHIH KOJIJAHY AYMAFEI

AnHoTanmmsi: Makanasa KaubIHIBFbI AHBIMAJIBI O0JATHIH CHIPBIKTHIK >KYHEHIH aHHAIMANIbI TEPOCTiCIHIH Ky BIK
TCHJCYIHIH TYBIHIBICHIHBIH PETi, CHIPBIKTHIH CBHIPTKHl INAPTHIHA TOYEIIl SKAFAAHBIHIAFBI TEPOCTICIHIH >KYBIK
TCOPHACHIH KYpPyFa MYMKIHIIK OcpeTiHiH KapacTtbipanbl. bepiareH (yHKUMSHBIH TYBIHIBICH CKIICH >KOFAaphI
00J1aTBIH CHIPBIKTHIK SKYHEHIH TEPOCITICIHIH JKYBIK TCH/CY JICPI YKaHIbl FRUIBIMH 9ACOHETTEPAE iC-KY31HAC MYIIEM a3
KapacThIPBUTFAH. JIeTeHMEH TYBIHBICH! CKIiHIN PETTCH YKOFAPhI OONATHIH XKYBIK TCHACYJIEP TYPI, 9p TYPIL HETizAe
O0JATHIH TCHACYJICP TCOPHACHIHBIH KYBIK ¢CCOIH 3CPTTCY KAKSTTUTIKTI TyabIpambl. Cosl ceOCNTEH ©CCNTe PaIiy ChI

TYPAKThI GONMAThIH ChipbIKTap yuiiH Oepimren {/, (Qymkumscs Hemece & GypBILTHIK KOOPAMHATACHIHAH TOYCIIL

00J1aTHIH BIFBICY AWHATBIMBIHBIH 3CPTTCY ayMaFblH KAPACTBHIPATIBL.
Tyiiin ce3: altHaIMambI TEPOETIiC, CHIPHIK, XKYHE, KATBIHABIF AHBIMAIBL, IMIHHAP, KaObIKImIA, paxuyc, beccen
(Y HKLHACHL.
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H.K.Meney6aes', C.Menmxoxaesa’, A.JK.Ceiirmyparos?,
M.H.Pamasanos’, B.K.JKapmenora®, T.Illavmion’

"KaparanmmHCKuit rocy 1TapCTBEHHBIH YHHBEPCHTET HM.BykeToBa, Pecry6mmya Kasaxcran. r.Kaparanna;
*KBI3BIIOPAMHCKHIH TOCY JAPCTBEHHBIH yHEBepcHTeT MM, KopkeiT Ata, Peciy6mmya Kasaxcran. r. Kemseimopaa;
3 AsepbaliKaHCKHH YHHBEPCHTET ApXHTEKTYpHl H CTPOHTENbCTBA, Pecy6mika Asepbaiimkan. T.haky

OBJACTb TIPUMEHUMOCTH HPI/IBJII/I)ICEHI;II)IX YPABHEHHUI
CTEPKHEBBIX CUCTEM IIEPEMEHHOU TOJILINHBbI

Annoramusi: IlpuBeaéHHble B JaHHOH padoTe NPHOMMKEHHBIC YPAaBHEHHA KPYTHIBHOTO KOICOAHMH
CTCP)KHEBBIX CHCTEM MEPEMCHHON TOJINMHBI IIO3BOJSIIOT CTPOWTHh NPHOMIDKEHHBIC TCOPHHM KOJICOAHHA B
3aBUCHMOCTH OT YCJIOBHH HA TOPUAX CTEPXKHS, MOPSIKA MPOU3BOJHBIX OT HCKOMBIX B MPHOMKEHHBIX YPABHEHIIX
M HAYAJIbHBIX YCIOBHH.

[TpubmkéHHBIC YPABHCHUS KOJICOAHHH CTEPKHEBBIX CHCTEM BBIMIE BTOPOTO MOPSIKA MO HMPOHM3BOJHBIM OT
HCKOMOH (DYHKIWH B HAYYIHOH ITUTEPATYPE MPAKTHUCCKH HE BCTPEHUAOTCS.

C napyroi#i CTOpOHBI, MPHUONMIKEHHBIC YPABHCHHWS, COJICPKALIME IIPOW3BOTHBIC BHIIE BTOPOTO TOPSIKA,
HYKIAFOTCS B HCCJICIOBAHUH O0JIACTH MPHMEHIMOCTH TOH HJIM HHOM TCOPUH HA OCHOBE PARTHUHBIX MPHOMKEHHBIX
ypaBHEHHH. JIIs1 MPOCTOTHI PACCMOTPHM OONACTh HMPUMECHUMOCTH [JII CTEPKHS IOCTOSHHOTO PajgMyca, KOTzaa

nckomas Qyuxumst {J, WM BpamwaTtenbHOC CMELICHWE 3aBHCHT OT YIIOBOM KOOpAMHATHL O, T.e. MCCIeAyeM

0071aCTh MPUMCHIMOCTH MPHOTIKEHHBIX YPABHCHAH KOJICOAHNA HA OCHOBS OOIICTO YPABHCHHUA KOJICOAHUSA
KaroueBnie ¢/ioBa: KPyTHIbHAA KOJICOAHHA, CTCPIKCHB, CHCTEMA, MICPEMCHHAA TONIIUHA, THIHHAD, 000104k,
pamuyc, dpyrkims beccemnsa
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